standing chestnut timber. The estimate of $25,000,000 made in 1911 as representing the loss up to that time was probably much too conservative. But the total loss to date is insignificant compared with the loss which will ensue if the disease once attacks the fine chestnut timber of the South Appalachians. The bark disease has killed all the chestnut trees in those localities where it has been present long enough, and there is not now the slightest indication that it is decreasing in virulence or that the climate of any region to which it has spread is having any appreciable retarding effect upon it.
CAUSE AND SYMPTOMS.
The chestnut bark disease is caused by the growth in the bark and outer'wood layers of a parasitic fungus, Endothia parasítica (Murr.) A. and A.
When any spores of this fungus gain entrance into a wound on any part of the trunk or limbs of a chestnut tree they commonly give i;ise to a concentrically spreading canker which soon girdles the tree. (PL XXXIV,) Not only is the bark and cambium destroyed, but the fungus quickly infects the outer layers of sapwood, penetrating more deeply at the center of the canker. If the part attacked happens to be the trunk, the whole tree is killed, sometimes in as short a time as a single season. If the smaller branches are attacked, only those portions beyond the point of attack are killed, and the remainder of the tree may survive for several years. In Plate XXXVI^ figure 3, the lower large limb on the left-hand side is still healthy, as the canker which girdled and killed the rest of the tree is situated on the trunk immediately above this branch. Plate XXXVI, figure 1, shows the ragged appearance of the tree, due to the fact that some branches are not yet girdled and still have normal foliage, while others are dead.
Some of the symptoms are quite prominent. Limbs and trunks with smooth bark which are attacked by the fungus soon show cankers in the form of dead, discolored, sunken areas (occasionally with a raised margin), which continue to enlarge and soon become covered more or less thickly with yellow, orange, or reddish brown spots about the size of a pinhead. (PI. XXXIV.) These spots are the pustules of the fruiting fungus. Following a rain, or in damp situations, masses of minute spores (conidia) are commonly extruded in the form of long, irregularly twisted strings or horns, which are at first bright yellow to greenish yellow, or even buff, becoming darker with age. If the canker is on the trunk or a large limb with very thick bark there is no obvious change in the external appearance of the bark itself, but the pustules show in the cracks, and the bark often sounds hollow when tapped. After the limbs or trunks are girdled the fungus continues to grow extensively through the dead bark, sometimes covering the entire surface with reddish brown pustules. These pustules produce mostly the type of spores called ascospores, although occasionally long strings of conidia are also produced, even on bark that has been dead at least a year. If the proper conditions of moisture are present the fungus will continue to grow on the bark of chestnut logs and even upon bare wood.
When a branch or trunk is girdled the leaves above change color and sooner or later wither. (PI. XXXVII.) These prematurely killed leaves often remain on the branches, forming, together with the persistent burs, the most conspicuous winter symptom of the disease. The most conspicuous symptom at all times of the year is the occurrence of sprouts at the base of the tree, on the trunk, or on the branches. (PL XXXV; PI. XXXVI, figs. 1 and 2; also PL XXXVII.) Sprouts may appear below every canker on a tree, and there are often many such cankers. These sprouts are usually very luxuriant and quick growing, but rarely survive their second or third year, as they in turn are killed by the fungus. The age of the oldest living sprout, as determined by the number of its annual rings, is an indication of the minimum age of the canker immediately above. The annual development of sprouts from the base of a tree sometimes continues vigorously for at least six years after the tree is dead, which fact affords clear evidence of the healthy condition of the roots. If infection of these basal sprouts could be prevented, they would develop into a much better type of coppice than is usually seen, since they are rooted in the ground. After the tree is dead the dead sprouts, together with the scars left by cankers on the outer layers of wood, serve to show what killed the tree long after the bark has completely decayed and fallen away.
The fungus apparently does not penetrate to any considerable distance below the ground; nor does it attack the green leaves or the greenest of the young wood. Late in the season it will readily attack wood of the current year. This is observed, however, most commonly on sprouts.
Regarding the virulent parasitism of Endothia parasítica there is no possible question. It is easy to demonstrate this by making artificial inoculations in healthy trees. Plate XXXVII shows such an inoculated tree. The conidia, or so-called summer spores of the fungus, were put into a slit in the bark near the base of this little potted chestnut tree -nnd a canker promptly developed. The typical symptoms of the bark disease, as they occur in large trees, followed-girdling of the trunk, withering of the leaves above, and prompt development of sprouts from below the canker. Some weeks after the photograph (PL XXXVII) was taken the sprouts were all killed by the downward growth of the canker.
MEANS OF SPREAD AND INFECTION.
Eecent investigations show that the ascospores are commonly ejected during and after a rain, and on account of their small size may be blown by the wind for a distance of at least 50 feet, in spite of their sticliy character. The strings of sticky conidia are instantly dissolved by rain, and are washed down over the surface of the tree. It is conceivable that they may be blown by the wind as far as rain or spray is blown or, mingling with dust at the foot of the tree, be blown about with the dust. There is strong evidence that the sticky conidia and ascospores may become attached to the various forms of animal life-insects, birds, squirrels, etc.-which frequent the diseased trees, and so be carried by them to other trees. That the disease is carried bodily for great distances in diseased chestnut nursery stock, unbarked ties, poles, or other timber, tanbark, etc., is a demonstrated fact.
When the spores have once been carried to a previously uninf ected tree they may develop in any sort of wound or injury in the bark that is reasonably moist, and produce a canker. There is, indeed, some slight evidence that under certain conditions the fungus may gain entrance through apparently uninjured bark; but it is not necessary to assume that such entrance is common in nature, for the bark of the typical chestnut tree is covered with all sorts of injuries through which the fungus can readily find entrance.
No evidence has been adduced up to the present time to show that a tree with reduced vitality is more susceptible to infection or that the cankers develop more rapidly in such a tree than in a perfectly healthy and well-nourished tree of either seedling or coppice growth, except in those cases where such reduced vitality is accompanied by bark injuries through which spores can gain entrance. Nor has any evidence yet been adduced to show that weather or soil conditions within the present range of the disease exert any appreciable effect upon it, beyond the fact that wet weather in general favors the distribution of the spores.
The American chestnut, the chinquapin, and the cultivated varieties and hybrids of the European chestnut are all subject to the bark disease, although apparently varying in susceptibility. The Japanese, Korean, and Chinese varieties appear to show decided resistance. Unfortunately, these varieties are, so far as known, too small to be of value except as lawn and nut-producing trees. In America true examples of these varieties are rarely seen. What passes in the market as the Japanese chestnut, for example, is almost invariably a hybrid between the Japanese and some American or European variety.
Recently Endothia parasítica has been reported on three species of oaks. Although such occurrence appears to be rare, the spread of the bark disease to oak trees presents an unpleasant possibility.
LINES OF INVESTIGATION AND CONTROL.
The history of the investigation of the chestnut bark disease with reference to its control is a long story of procrastination. Undoubtedly present on Long Island in the nineties and doing conspicuous damage in the largest city of the United States as early as 1904, the disease is, nevertheless, not mentioned in scientific literature until 1906. It is not mentioned in any economic publication until 1908, and then without any appreciation of its seriousness. The impression was allowed to prevail that the disease was due to weather conditions and would soon disappear of itself, and hence was not worthy of serious attention. So in attempting control of the disease we find ourselves handicapped at every step by lack of knowledge, although there would have been ample time to secure this knowledge if practical investigations had been begun even as late as when Merkel noted the serious character of the disease.
CUTTING OUT ADVANCE INFECTIONS.
Many scattered advance infections have been cut out, including all of those in Pennsylvania. That State has taken the lead not only in cutting out advance infections and utilizing dead chestnut trees, but also in all lines of investigation of the disease. The results of this work are awaited with profound interest, not only by such States as Ohio and West Virginia, which are in part protected by the action of Pennsylvania, but also by those more distant Southern States that still have time to profit by the experience of Pennsylvania.
UTILIZATION OF DEAD AND DYING TREES.
The utilization of dead and dying trees is a forestry problem of the utmost importance. In the neighborhood of New York City all chestnut trees are dead; as we go from there in any direction we find areas of dead trees, corresponding to old points of advance infection, surrounded by more recently infected trees. Between these areas are occasional " islands " of still healthy trees. But the number of trees that should be immediately utilized is enormous and will increase annually. They should be used to save the timber, to reduce infection, and to prevent possible increase of injurious insects. Since the wood of a diseased tree is rotted only immediately under the cankers, a tree that is cut promptly may be expected to make practically as good timber as a sound tree. However, if cutting is delayed until long after the tree is girdled, the timber will necessarily be open to the same objections as that from any dead tree.
The Pennsylvania Chestnut Tree Blight Commission has induced certain railroads in that State to make a discrimination in freight rates in favor of products from diseased chestnut trees, which enables these products to be used more cheaply than those of other species. Unless some such plan can be brought about in other States also, it is difficult to see how a great glut in the market for chestnut products can be avoided.
IMPEOVEMENTS IN FOEEST MANAGEMENT.
The work on the bark disease in certain States has been made the occasion of a general forest survey. Everywhere it will result in more careful management of the surviving trees. In localities where the chestnut is already past saving, this species must be discriminated against. While change of management of chestnut woodland may not affect the course of the disease, except in so far as it involves the cutting out of infected trees, constructive forestry is bound to be stimulated by the work done on this disease. Methods of control of this and other forest diseases, which are visionary now, will be in daily use in 20 years. We do not now realize how rapidly forestry in the Eastern States is becoming as intensive as that of Europe.
TEEE MEDICATION.
The possibility of controlling disease in trees by special fertilization or by direct chemotherapy, that is, by the introduction of chemicals or immunizing substances directly into the tree, has long been a fascinating ideal. The method has been discredited by the number of " fake " remedies which are supposed to be applied in this way. Nevertheless, the basal idea is fundamentally sound. The Pennsylvania Chestnut Tree Blight Commission, in cooperation with the United States Department of Agriculture, is making extensive experiments along this general line. From this work very* valuable scientific results are to be expected, whether the method becomes a practical success or not, and the results obtained may be expected to be in some measure applicable to other species of trees, including fruit trees.
BREEDING RESISTANT TREES.
The apparent resistance of various Asiatic chestnuts suggests that if resistant individuals of these varieties are crossed with the American and European chestnuts, hybrids might be produced with the desirable nut characters of one parent and the resistance of the other. So far no resistant individuals of the American chestnut have beenfor trees to be grown in the South. Resistant timber trees, as well as nut trees, could doubtless be produced. Many experiments along this line are already in progress. In the long run the results of breeding will probably be the most profitable outcome of the struggle against the bark disease. Sooner or later we must begin to breed forest trees systematically, and the chestnut is on many accounts a good tree to start with.
INSPECTION OF DISEASED NURSERY STOCK.
As has been indicated, diseased chestnut nursery stock in the past has been an important factor in the spread of the bark disease. On account of a well-grounded fear of this disease much less chestnut nursery stock is being moved now than formerly, but there is still enough to constitute a serious source of danger. It is therefore obvious that every State in which the chestnut grows, either naturally or under cultivation, should as speedily as possible pass à law putting the chestnut bark disease on the same footing as other pernicious diseases and insect pests, Such as peach yellows and the San Jose scale, against which quarantine measures are now taken. Many inspectors already have the legal power to quarantine against the bark disease on chestnut nursery stock, and they should now take special care that no shipment, however small, escapes their rigid inspection.
The most serious practical difficulty in inspecting nursery stock for this, as for other fungous diseases, lies in the fact that practically all State inspectors are necessarily entomologists and are usually not trained in recognizing the more obscure symptoms of fungous diseases. Nursery trees affected by the bark disease rarely show it prominently at the time when they are shipped; the threads of conidia or the yellow or orange pustules are rarely present, and usually all the inspector can find is a small, slightly depressed, dark-colored area of dead bark, usually near the ground, which is easily overlooked or mistaken for some insignificant injury. Upon cutting into such a spot the inner bark shows a most characteristic disorganized 'Spunky" appearance quite different from that of any other bark injury. Occasionally a yellowish brown or reddish band or blotch, either girdling or partly girdling the young tree, may be seen, which is very characteristic.
If infected trees are set out they develop the disease with its characteristic symptoms the following spring. On account of their small size such trees are girdled and die before the end of the summer. Meanwhile they become a source of danger to neighboring orchard and forest trees. Orchardists and nurserymen purchasing chestnut trees are therefore warned to watch them closely during the first season, no matter how rigidly they may have been inspected.
INDIVIDUAL TEEATMENT OF DISEASED TREES.
Where valuable ornamental, shade, or orchard chestnut trees become infected in one or more spots their life and usefulness can be prolonged for several or for many years, depending largely upon the thoroughness with which the recommendations herein given for cutting out the cankers are carried out. Better results will be obtained with small, thin-barked trees than with large ones.
The essentials for the work are a gouge, a mallet, a pruning knife, a pot of coal tar or good paint, and a paint brush. In the case of a tall tree a ladder or rope, or both, may be necessary, but tree climbers should not be used, as they cause wounds which are very favorable places for infection. Sometimes an ax, a saw, and a long-handled tree pruner are convenient auxiliary instruments, though practically all the cutting recommended can be don<e with a gouge having a cutting edge of 1 or 1| inches. All cutting instruments should be kept very sharp, so that a clean and smooth cut may be made.
By cutting with the gouge into a diseased area a characteristically discolored and mottled middle and inner bark is revealed. All of this diseased bark should be carefully cut out for an inch or more beyond the discolored area, if the size of the branch will allow it. This bark should be collected in a bag or basket and burned. If the cutting is likely to result in the removal of the bark for much more than half the circumference of the branch or trunk it will probably be better to cut off the entire limb or to cut down the tree, as the case may be, unless there is some special reason for attempting to save the limb or tree. The fungus usually, though not always, develops most vigorously in the inner bark next to the wood. When the disease has reached the wood not only all the diseased bark and an inch of healthy bark around it must be removed, but three or more annual layers of wood beneath the diseased bark must also be gouged out. Special care should be taken to avoid loosening the healthy bark at the edges of the cut-out areas. Except in the early spring, this is not difBcult after a little experience in manipulating the gouge and mallet, provided the gouge is kept sharp. Small branches which have become infected should be cut off, the cut being made well back of the diseased spot.
All cut-out areas and all the cut ends of stubs should be carefully and thoroughly painted with coal tar. A good grade of paint has been recommended by some authorities as superior to tar, but it is more expensive. If the tar is very thick the addition oí a little creosote will improve it for antiseptic purposes as well as for ease m applying. If the first coat is thin a second one of fairly thick tar should be applied within a few weeks or months. Other coats should be applied later whenever it becomes necessary.
The entire tree should be carefully examined for diseased spots and every one thoroughly cut out and treated in the way described. In case suspicious-looking spots appear, a portion of the outer bark can be cut out with the sharp gouge as a test. If this cut shows the characteristically discolored bark, the spot is diseased and should be cut out accordingly; if the cut shows healthy bark, it need merely be treated with tar or paint, as other cuts are treated. In examining a tree for diseased spots it is always best to begin at the base of the trunk and work up, for if the trunk is girdled at the base it is useless to work anywhere on the tree.
A tree which is being treated for individual infections must be cairefully watched and the diseased spots promptly cut out as they appear. For this purpose each tree should be examined very carefully two or three times at least during the growing season. If all the mycelium in the bark and wood has not been removed reinfection is certain to follow.
ADVICE TO CHESTNUT 0RCHARDI8TS.
In view of the uncertain future of the chestnut tree the United States Department of Agriculture advises against planting chestnuts anywhere east of Indiana, at least for the present.
West of the natural range of the American chestnut, however, the situation is quite different. Obviously the western chestnut qrchardist has before him a great opportunity. No matter how successful efforts to limit the bark disease may be, the nut crop will be reduced for some years, and the business of growing fine orchard chestnuts in the East wûl be depressed for the same length of time. There is no apparent reason why, with rigid inspection of purchased stock and of the orchards themselves, all chestnut orchards and nurseries from Indiana to the Pacific coast can not be kept permanently free from the bark disease; therefore, all persons interested in growing the chestnut in the West are earnestly advised to be sure that stock from any source is rigidly inspected, to watch continually and with the utmost care their own nurseries and orchards, and to destroy immediately by fire any trees that may be found diseased.
ADVICE TO OWNERS OF ORNAMENTAL CHESTNUT TREES.
Until the future of the chestnut tree is better known, the owners of chestnut-timbered land available for building should pursue a very conservative policy. Houses should not be located with sole reference to chestnut groves or to isolated ornamental chestnut trees. Buyers of real estate should discriminate against houses so located in so far as the death of the chestnut trees would injure the appearance of the place.
When ornamental trees become diseased they had better be cut down at once and, if practicable, large trees of other species moved in to take their places. In expert hands the moving of large trees is a perfectly practicable and successful procedure and, although more expensive, is much more satisfactory than waiting for nursery trees to grow. ADVICE TO OWNERS OF CHESTNUT WOODLAND.
Owners of chestnut woodland that is thoroughly infected are advised to convert their trees into lumber as soon as possible. The trees which are not already killed will soon die in any case^ and the timber rapidly deteriorates in quality. Such trees are a continual source of infection.
Owners of chestnut woodland outside the area of general infection are counseled to watch for the first appearance of the disease and when it appears to cut down immediately all affected trees, bark them, and burn the bark and brush, over the stump if practicable. Such procedure will distinctly retard the spread of the disease in that particular woodland, even if no concerted efforts at elimination are made by neighboring owners or by the State.
It is almost needless to add that with the present outlook chestnut woodland is a poor investment. Furthermore, in forest management, as in improvement cuttings, etc., there should be discrimination against the chestnut. THE OUTLOOK.
Disease is expected in cultivated plants, grown as they are under unnatural conditions and usually in a strange environment; but a fungous disease as serious as this, attacking a hardy native tree over hundreds of square miles in the heart of its natural range, is, so far as known, without precedent. It is, then, idle to attempt to prophesy what will be the future course of the disease. But whatever the outcome is, we may be sure that the results of the study of this disease will in the end justify all present efforts. We may be certain that this is not the last devastating disease of forest trees to appear, and in the future we shall need all the knowledge and experience that can be gained from this malady. With the increase in the value of timber and with the rapid development of intensive forestry, methods now impracticable for controlling tree diseases will come into regular use, and the practicable methods of the future can only be developed by years of scientific research and field experi-S ence on a large scale.
